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(57) To provide a magnetic core component capable
of suppressing leakage flux while suppressing the
number of molds required at the time of molding, and a
chip inductor using the same. A magnetic core compo-
nent (1) includes a winding shaft portion (1a) for winding
awinding wire (4); is formed by joining two half-members
(2, 3), which are magnetic bodies and have the same
shape; includes a leg portion (1b) arranged at both ends
of the winding shaft portion (1a) and a cover portion (1c)
arranged across one end of the leg portions in parallel

with the winding shaft portion (1a) ; and has a joining

surface (1d) which is formed in the winding shaft portion
(1a) and the cover portion (1¢) and which is a surface
non-perpendicular to an axial direction of the winding
shaft portion (1a).

MAGNETIC CORE COMPONENT AND CHIP INDUCTOR
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Description
TECHNICAL FIELD

[0001] The presentinventionrelatestoamagneticcore
component for a chip inductor used in an electronic cir-
cuit, and a chip inductor that uses the magnetic core com-
ponent.

BACKGROUND ART

[0002] Withrecenttrend toward miniaturization, higher
frequency, and larger current of electric equipment and
electronic equipment, a magnetic core component is de-
manded to support this trend as well. In particular, further
miniaturization and higher performance are demanded
on a surface mounting type chip inductor usedin an elec-
tronic circuit. A general structure of a chip inductor is
shown in Fig. 4(a). In each of Figs. 4(a) and 4(b), the left
view is a plan view, and the right view is a front view. A
magnetic core component 11 used in the chip inductor
has a structure in which a core 12 referred to as a bobbin
type, and a plate-shaped I-type core 13 arranged at an
upper part of the core 12 are combined. Although the
illustration is omitted, a winding wire is wound around the
bobbin type core 12 to form a coil, and an electrode unit
that acts as a contact with a substrate and the like is
arranged at a lower part of aleg portion 12a of the bobbin
type core 12, where a terminal of the winding wire is con-
nected to the electrode unit. The I-type core 13 is ar-
ranged to form a magnetic path for suppressing leakage
flux.

[0003] As aconventional chip inductor having a struc-
ture close to such structure, for example, a surface
mounted closed magnetic coil including a column shaped
first core made of conductive magnetic material having
awinding wire portion at a central part, and a substantially
saddle shaped second core made of conductive magnet-
ic material arranged at an upper part of the first core has
been proposed (see Patent document 1).

PRIOR ART DOCUMENTS
PATENT DOCUMENTS

[0004] Patent document 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2012-84776

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0005] However, the material property of ferrite mate-
rial, which is the current mainstream for the material of
the magnetic core component used in the chip inductor,
has reached its limits, and a new material is being
searched. The ferrite material is being replaced with a
new material such as sendust, amorphous foil strip, and
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the like, but only in limited fields. Amorphous powder ma-
terial excelling in magnetic property is now available, but
is not so widely used as the moldability is poor compared
to the conventional material.

[0006] Molding a powder magnetic core component
from the powdered magnetic material places restrictions
on the shape. Furthermore, the number of molds needs
to be suppressed to a minimum to reduce cost. When
forming the magnetic core component of a conventional
shape shown in Fig. 4(a), molds (two) for forming the
bobbin type core 12 and the I-type core 13, respectively,
are required.

[0007] As a measure for preventing increase in the
number of molds, a shape shown in Fig. 4(b) is consid-
ered. Such magnetic core component 14 is obtained by
combining cores 15, 16 of the same shape divided along
a surface perpendicular to an axial direction of a winding
shaft portion at a central position of the winding shaft
portion. However, if an area of a joining part divided as
shown in the figure is about the same as a magnetic path
cross-sectional area, mutual contacting area lowers by
the influence of shape error and surface roughness. A
gap thus easily forms, and increase in leakage flux be-
comes a concern. Furthermore, the electrode position of
the leg portion becomes outside the dimensional toler-
ance due to the dimensional tolerance of the joining part,
whereby attachment to the substrate may become diffi-
cult.

[0008] To overcome such problem, it is an object of
the present invention to provide a magnetic core compo-
nent capable of suppressing leakage flux while suppress-
ing the number of molds required at the time of molding,
and a chip inductor using the same.

MEANS FOR SOLVING THE PROBLEM

[0009] A magnetic core component of the present in-
vention relates to a magnetic core component including
awinding shaft portion for winding a winding wire, where
the magnetic core component is characterized in being
formed by joining two half-members, which are magnetic
bodies and have the same shape, at least one part of a
joining surface being a surface non-perpendicular to an
axial direction of the winding shaft portion.

[0010] The magnetic core componentis characterized
in including a leg portion arranged at both ends of the
winding shaft portion, and a cover portion arranged
across one end of the leg portions in parallel with the
winding shaft portion, the joining surface being formed
in the winding shaft portion and the cover portion.
[0011] The half-member is characterized in being a
compression molded body of a magnetic material. Fur-
thermore, the two half-members are characterized in
having complementary fit-in shapes that position the
members at respective joining parts.

[0012] A chip inductor of the present invention is char-
acterized in being obtained by winding a winding wire
around a winding shaft portion of the magnetic core com-
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ponent of the present invention and forming a coil.
EFFECT OF THE INVENTION

[0013] The magnetic core component of the present
invention is obtained by joining two half-members, which
are magnetic bodies and have the same shape, where
at least a part of the joining surface is a surface non-
perpendicular to the axial direction of the winding shaft
portion, and thus the area of the joining surface of the
two half-members becomes large compared to the area
of the magnetic path cross-section (plane perpendicular
to the axial direction of the winding shaft portion in which
the winding wire is wound to form the coil), the gap by
the influence of shape error and surface roughness be-
tween the members becomes small, and the leakage flux
can be suppressed when adopted for the chip inductor.
Since the mold used at the time of molding is one type,
the manufacturing cost can be reduced.

[0014] The magnetic core component of the present
invention includes the leg portion arranged at both ends
of the winding shaft portion and the cover portion ar-
ranged across one end of the leg portions in parallel with
the winding shaft portion, and the joining surface is
formed in the winding shaft portion and the cover portion,
sothat the leakage flux can be suppressed when adopted
for the chip inductor, as described above, while adopting
the magnetic core component having the same shape
as the conventional product in which the bobbin type core
and the I-type core are combined.

[0015] The half-member is a compression molded
body of a magnetic material, and thus can be inexpen-
sively manufactured and easily miniaturized compared
to injection molding.

[0016] The two-half members have complementary fit-
in shapes that position the members at the respective
joining parts, so that the electrode position can be pre-
vented from going outside the dimensional tolerance.
[0017] The chip inductor of the present invention uses
the magnetic core component and is obtained by winding
the winding wire around the winding shaft portion of the
magnetic core component and forming the coil, so that
the leakage flux can be suppressed to a minimum while
reducing the manufacturing cost.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Figs. 1 (a) and 1 (b) are a front view and the like
showing one example of a magnetic core component
and a chip inductor of the present invention.

Fig. 2 is an enlarged view of a joining part.

Figs. 3 (a) to 3 (e) are front views and plan views
showing another example of the magnetic core com-
ponent of the present invention.

Figs. 4 (a) and 4 (b) are front views and plan views
showing a conventional magnetic core component
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and the like.
MODE FOR CARRYING OUT THE INVENTION

[0019] A chipinductor of the presentinventionis a chip
inductor particularly effective in a surface mounting type
used in an electronic circuit of electric/electronic equip-
ment and the like. This type of chip inductor is small, and
specifically, an axial length of the magnetic core compo-
nent is smaller than or equal to about 15 mm.

[0020] One example of a magnetic core component
and a chip inductor of the present invention will be de-
scribed based on Figs. 1(a) and 1(b). Fig. 1(a) is a front
view (right view) and a plan view (left view) of the mag-
netic core component, and Fig. 1(b) is a front view of a
chip inductor using the magnetic core component of Fig.
1(a). As shown in Fig. 1(a), a magnetic core component
1 of the presentinvention includes a winding shaft portion
1a for winding a winding wire, a leg portion 1b arranged
at both ends of the winding shaft portion 1a, and a cover
portion 1c arranged across upper ends of the leg portions
1b, 1b in parallel with the winding shaft portion 1a. The
shape of the magnetic core component 1 is the same as
the shape of the conventional magnetic core component
(see Fig. 4 (a) in which the bobbin type core and the I-
type core are combined. In the magnetic core component
1, the cover portion 1c plays the role of the I-type core,
and forms a magnetic path for suppressing the leakage
flux.

[0021] The magnetic core component 1 is formed by
joining two half-members 2, 3, which are magnetic bodies
and have the same shape, where at least one part of a
joining surface 1d is a surface non-perpendicular to an
axial direction of the winding shaft portion 1a. In an ex-
ample shown in Fig. 1(a), the respective half-members
have a shape in which a right triangular portion (tapered
portion) and the leg portion are combined when seen in
plan view. The half-member 2 and the half-member 3
have the same shape, and can be manufactured with
one type of mold. The joining surface 1d is formed as
one surface inclined with respect to the axial direction of
the winding shaft portion 1a. The joining surface 1d is
formed in the winding shaft portion 1a and the cover por-
tion 1c, and is not formed in the leg portion 1b.

[0022] As shown in Fig. 1(b), a chip inductor 6 of the
present invention uses the magnetic core component 1
described above, and winds a winding wire 4 around the
winding shaft portion 1a of the magnetic core component
1 to form a coil. A pair of electrode units 5 is arranged at
a lower part of the leg portion 1b of the magnetic core
component 1, where each terminal of the winding wire 4
is connected to the respective electrode units 5. The chip
inductor 6 is connected to an electronic circuit of a sub-
strate 7 by way of the electrode unit 5. In the chip inductor
6 configured as above, a flux path in which the current
exits from one axial end of the winding shaft portion 1a,
passes the leg portion 1b and through the cover portion
1c to return to the other axial end of the winding shaft
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portion 1a is formed when the current is flowed through
the coil. In the winding shaft portion 1a and the cover
portion 1c, a direction of magnetic field line is a direction
along the axial direction of the winding shaft portion.
[0023] Assuming that a surface perpendicular to the
axial direction of the winding shaft portion, as shown in
Fig. 4(b), is the joining surface, a joining area and the
magnetic path cross-sectional area become almost the
same, which is the smallest for the joining area of the two
members, and the actual contacting area becomes small
due to the influence of shape error and surface rough-
ness, and hence the gap between the members becomes
large. On the contrary, awide joining area can be ensured
and the actual contacting area also becomes large by
adopting the joint shape shown in Fig. 1(a), and hence
the gap between the members can be reduced, and the
leakage flux can be suppressed compared to the shape
shown in Fig. 4(b).

[0024] Asshown in Fig. 1(b), the chip inductor 6 is con-
nected to the electronic circuit of the substrate 7 by way
of the pair of electrode units 5 arranged at the lower parts
of the leg portions 1b of the magnetic core component
1. One leg portion 1b is provided on each of the half-
members 2, 3, and thus when the joining position of the
half-members shifts, the position of the electrode unit 5
also shifts. The chip inductor 6 of the present invention
is small, and thus may go beyond the dimensional toler-
ance even with a slight shift, which may arise a problem
in the attachment to the substrate.

[0025] As a measure therefor, in the half-members 2,
3, the respective joining parts preferably have comple-
mentary fit-in shapes for positioning both members. For
example, as shown in Fig. 2, which is an enlarged view
of the joining part, a recess 1e is formed in the leg portion
1b, and a projection 1f that can be fitted into the recess
1eis formed in the winding shaft portion 1a and the cover
portion 1c. The recess 1e and the projection 1f are com-
plementary shapes, and an accurate positioning of the
half-members is realized by fitting the recess and the
projection. The electrode unit of the leg portion 1b is thus
also positioned, and can be prevented from going beyond
the dimensional tolerance. The complementary fit-in
shape is not limited to the shape shown in the figure, and
any shape can be adopted as long as the half-members
have the same shapes and have positionable shapes.
However, a simple shape as shown in the figure is pre-
ferred to allow compression molding.

[0026] Another example of the magnetic core compo-
nent of the present invention will be described based on
Figs. 3 (a) to 3 (e) . Figs. 3 (a) to 3 (e) are a front view
(right view) and a plan view (left view) of the magnetic
core component. In the magnetic core component 1
shown in Fig. 3 (a), the respective half-members have a
shape in which the right triangular portion (tapered por-
tion) and the leg portion are combined when seen in plan
view. The joining surface 1d is formed as one plane in-
clined with respect to the axial direction of the winding
shaft portion. Compared to the structure of Fig. 1(a), the
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inclination angle of the joining surface 1d is slightly small,
and the joining area is also slightly small.

[0027] In the magnetic core component 1 shown in
Figs. 3(b) and 3(c), the joining surface 1d is a compound
surface including surfaces (two) perpendicular to the ax-
ial direction of the winding shaft portion, and one surface
inclined with respect to the axial direction of the winding
shaft portion. With the arrangement of the surface in-
clined with respect to the axial direction of the winding
shaft portion, the joining area becomes large compared
to when configured from only surfaces perpendicular to
the axial direction of the winding shaft portion. The incli-
nation angle of the inclined surface differs between Fig.
3(b) and Fig. 3(c).

[0028] In the magnetic core component 1 shown in
Figs. 3(d) and 3(e), the joining surface 1d is a compound
surface including surfaces (two) perpendicular to the ax-
ial direction of the winding shaft portion, and a surface
that lies along the axial direction of the winding shaft por-
tion. With the arrangement of the surface lying along the
axial direction of the winding shaft portion, the joining
area becomes large by an area of the surface lying along
the axial direction of the winding shaft portion compared
to when configured from only surfaces perpendicular to
the axial direction of the winding shaft portion. The area
of the surface that lies along the axial direction of the
winding shaft portion differs between Fig. 3 (d) and Fig.
3(e).

[0029] The half-members 2, 3 have the same shape in
any of Figs. 3(a) to 3(e), and can be manufactured with
one type of mold. Furthermore, as described above, a
wide joining area can be ensured in any case, and the
actual contacting area also becomes large, so that the
gap between the members can be reduced and the leak-
age flux can be suppressed compared to the shape
shown in Fig. 4(b).

[0030] The half-member is a magnetic body, and the
method for manufacturing the same is not particularly
limited, but a compression molded body of a magnetic
material is preferably adopted as it can be inexpensively
manufactured and can be easily miniaturized compared
to injection molded body. As the magnetic core compo-
nent of the present invention is formed as a member hav-
ing a simple shape as described above, it can be suffi-
ciently molded even with compression molding.

[0031] The half-member uses, as a raw material, pure
iron soft magnetic material including iron powder and iron
nitride powder; iron-base alloy soft magnetic material in-
cluding Fe-Si-Al alloy (sendust) powder, super sendust
powder, Ni-Fe alloy (permalloy) powder, Co-Fe alloy
powder, and Fe-Si-B alloy powder; and magnetic mate-
rial including ferrite magnetic material, amorphous mag-
netic material, and microcrystalline material. The ferrite
magnetic material includes manganese zinc ferrite, nick-
el zinc ferrite, copper zinc ferrite, spinel ferrite having a
spinel type crystalline structure such as magnetite, bar-
ium ferrite, hexagonal ferrite such as strontium ferrite,
garnet ferrite such as yttrium iron garnet, and the like.
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The amorphous magnetic material includes iron alloy,
cobalt alloy, nickel alloy, mixed alloy amorphous thereof,
and the like.

[0032] Examples of an oxide that forms an insulating
coating on a particle surface of the magnetic material to
become the raw material include an oxide of insulating
metal or metalloid including Al,O3, Y,05, MgO, ZrO,,
and the like, glass, and a mixture thereof. For a method
forforming the insulating coating, powder coating method
such as mechano-fusion, wet thin-film production meth-
od such as electroless plating and sol-gel method, or dry
thin-film production method such as sputtering can be
used.

[0033] Anaverage particle diameter of the raw material
powder is preferably 1 to 150 wm, and more preferably
5to 100 pm. If the average particle diameter is smaller
than 1 um, compressibility (scale indicating easiness of
hardening of powder) at the time of pressurization mold-
ing lowers, and the material strength after burning signif-
icantly lowers. If the average particle diameter is greater
than 150 wm, the iron loss in a high frequency region
becomes large, and the magnetic property (frequency
property) lowers.

[0034] The half-member, which is a compression
molded body, can be manufactured as follows: a raw
material powder simple body of magnetic material, where
the insulating coating is formed on the particle surface,
or a powder in which the thermosetting resin such as an
epoxy resin is combined in the raw material powder is
press-molded at a predetermined pressurization force to
obtain a powder body; and this powder body is burned.
Since the half-members have the same shape, the mold
usedis one type. When using an amorphous alloy powder
for the raw material, the burning temperature needs to
be lower than a crystallization start temperature of the
amorphous alloy. Furthermore, when using the powder
combined with the thermosetting resin, the burning tem-
perature needs to be in a hardening temperature range
of the resin.

[0035] The two obtained half-members are joined to
complete the magnetic core component. The joining of
the members can be carried out using an adhesive and
the like in addition to the fitting-in by the positioning shape
described above. A solventless epoxy adhesive that can
be closely attached to each other is preferred for the ad-
hesive.

[0036] In the obtained magnetic core component, the
winding wire is wound around the winding shaft portion
to form the coil, thus obtaining the chip inductor with an
inductor function. A copper enamel wire can be used for
the winding wire, and examples of the type of wire that
can be used include urethane wire (UEW), formal wire
(PVF), polyester wire (PEW), polyester imide wire (EIW),
polyamide imide wire (AIW), polyimide wire (PIW), dou-
ble coated wire combining the same, or self-welding wire,
litz wire, and the like. The polyamide imide wire (AIW),
the polyimide wire (PIW), and the like excelling in heat
resistance are preferred. The cross-sectional shape of
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the copper enamel wire that can be adopted may be
round or square. The known method can be adopted for
the manner of winding the coil and the like.

[0037] The embodiment of the present invention has
been described above based on the figures, but the mag-
netic core component and the chip inductor of the present
invention are not limited thereto.

INDUSTRIAL APPLICABILITY

[0038] The magnetic core component of the present
invention can suppress the leakage flux while suppress-
ing the number of molds required at the time of molding,
and thus can be suitably used as a core for the chip in-
ductor used in the electronic circuit of various types of
electric/electronic equipment.

EXPLANATION OF REFERENCE NUMERALS AND
SYMBOLS

[0039]

magnetic core component
half-member

half member

winding wire

electrode unit

chip inductor

substrate

NOoO g WODN -

Claims

1. A magnetic core component including a winding
shaft portion for winding a winding wire; wherein
the magnetic core component is formed by joining
two half-members, which are magnetic bodies and
have the same shape, at least one part of a joining
surface being a surface non-perpendicular to an ax-
ial direction of the winding shaft portion.

2. The magnetic core component according to claim 1,
wherein
the magnetic core component includes a leg portion
arranged at both ends of the winding shaft portion,
and a cover portion arranged across one end of the
leg portions in parallel with the winding shaft portion,
the joining surface being formed in the winding shaft
portion and the cover portion.

3. The magnetic core component according to claim 1,
wherein the half-member is a compression molded
body of a magnetic material.

4. The magnetic core component according to claim 1,
wherein the two half-members have complementary
fit-in shapes that position the members at respective
joining parts.
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A chip inductor obtained by winding a winding wire
around a winding shaft portion of a magnetic core
component and forming a coil, wherein the magnetic
core component is the magnetic core componentac-
cording to claim 1.
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